Acute interstitial nephritis (AIN) is a clinicopathologic entity that is
A cute interstitial nephritis (AIN) is a clinicopathologic entity with a typical clinical presentation of acute renal failure (ARF), sterile leukocyturia, and lowgrade proteinuria (1) (2) (3) (4) . Pathologically, AIN is characterized by acute interstitial inflammation that extends across tubular basement membranes to produce tubulitis and resultant tubular degenerative changes (1) (2) (3) . The interstitial infiltrate typically is composed of a predominance of lymphocytes with variable numbers of eosinophils, neutrophils, plasma cells, and histiocytes. The finding of abundant interstitial eosinophils favors the diagnosis of allergic/drug-induced interstitial nephritis (2, 3) .
Multiple unrelated conditions may be associated with AIN. The most common cause is allergic/drug-induced disease. Patients with allergic interstitial nephritis often demonstrate one or more of a triad of clinical symptoms that include fever, eosinophilia, and an allergic rash (1, 4) . Although the finding of prominent interstitial eosinophils favors allergic AIN, it often is difficult to determine the offending agent. AIN also is associated with autoimmune/collagen vascular diseases, including systemic lupus erythematosus ("lupus interstitial nephritis"), mixed connective tissue disease (MCTD), and Sjö gren syndrome. AIN may represent renal involvement by sarcoidosis, which typically is accompanied by granulomatous inflammation. AIN also may result from bacterial or viral infection of the renal parenchyma, and it is the pattern of renal involvement in the entity of tubulointerstitial nephritis with uveitis. In many cases of AIN, the cause cannot be determined (1) (2) (3) (4) .
Optimal therapy for AIN is determined by the presumed cause. Drug-induced AIN is treated by discontinuation of potential offending agents, although corticosteroids commonly are used for resistant cases (1, 4) . Corticosteroids are the mainstay of treatment for AIN that is associated with systemic lupus erythematosus, MCTD, Sjö gren syndrome, sarcoidosis, and tubulointerstitial nephritis with uveitis and frequently are used in cases of AIN of unknown cause (1-4). There is no consensus on the appropriate therapy for patients who are intolerant of corticosteroids or who relapse frequently upon dose reduction or discontinuation. Use of other immunosuppressives, such as cyclophosphamide, is mentioned only rarely in the literature (5) .
Mycophenolate mofetil (MMF) is a widely used immunosuppressive agent in solid-organ transplantation and has been shown to reduce the risk for acute rejection in renal allograft recipients (6, 7) . The immunosuppressive and immunomodulatory properties of MMF likely result from inhibition of the rate-limiting enzyme in the de novo pathway of purine synthesis. MMF reduces lymphocyte proliferation, downregulates the expression of cell surface adhesion molecules, and decreases antibody production (8) . MMF has been used successfully to treat a variety of glomerular diseases (9) . In controlled trials of lupus nephritis, MMF has proved to be equivalent or superior to standard therapy with cyclophosphamide and is associated with lower toxicity (10 -14) .
There is little available experience with MMF in the treatment of AIN. A single abstract describes the successful use of MMF in a single patient with AIN (15) . We report the clinical history, pathologic findings, and outcomes in a cohort of eight steroidresistant or steroid-intolerant patients who had AIN and were treated with MMF.
Materials and Methods
We retrospectively reviewed the medical records and renal biopsy findings in all eight patients at Columbia University who had biopsyproven AIN and were treated with MMF. All eight patients were treated with at least one course of corticosteroids before MMF, received steroids for at least 6 mo, and were unable to discontinue therapy without worsening of the serum creatinine. All renal biopsies were processed according to standard techniques. Tissue was available for immunofluorescence and electron microscopy in five and seven cases, respectively. This study was approved by the Institutional Review Board of Columbia University.
Results
The cohort of patients who had AIN that was treated with MMF consisted of five women and three men with a mean age of 60 yr (range 53 to 67; Table 1 ). Seven patients were white, and one was black. Five of the patients had a history of hypertension, but none had diabetes. All patients presented with renal insufficiency, as evidenced by a mean serum creatinine of 2.3 mg/dl (range 1.5 to 3.2 mg/dl) and a mean creatinine clearance by the Modification of Diet in Renal Disease formula of 37.2 ml/min (range 20.8 to 49.5 ml/min). A 24-h urine protein collection was available for seven patients, five of whom had a 24-h urine protein of Ͻ1 g/d. A maximum 24-h urine protein of 1.502 g was seen in patient 5. A single patient had mild hypoalbuminemia (albumin 3.1 g/dl in patient 8), and none had evidence of peripheral edema. To our knowledge, this cohort included all known patients who had AIN and were treated with MMF at our institution.
Before treatment with MMF, all patients had been treated with corticosteroids. All had experienced Ͼ6 mo of corticosteroid therapy with inability to discontinue without worsening of the serum creatinine. Most patients had tried several times to discontinue the corticosteroids. One patient developed diabetes during 6 mo of steroid therapy and subsequently was changed to MMF. Six of the eight patients were considered steroid dependent or intolerant. The remaining two patients had relapsed recently after discontinuation of steroids. After discontinuation of steroids, one of the two patients had a repeat renal biopsy that showed active interstitial nephritis. As a result, steroids were reinstituted.
All patients underwent renal biopsy. Sampling for light microscopy included a mean of 12.1 and a median of seven glomeruli. In all cases, glomeruli exhibited no significant histopathologic abnormalities. All biopsies exhibited the hallmarks of AIN, including interstitial inflammation, tubulitis, and resultant tubular injury ( Figure 1A ). The interstitial inflammation and tubulitis were severe in all but one case (moderate intensity in patient 4). Prominent interstitial eosinophils, a marker of drug-induced AIN, were seen in two cases. Two additional patients had a predominantly granulomatous pattern of interstitial nephritis ( Figure 1B ). The majority of biopsies exhibited only mild vascular disease. Immunofluorescence and electron microscopy were performed on five and seven cases, respectively, and revealed no evidence of glomerular, tubular, or interstitial immune complex formation.
The likely cause of the AIN could be determined for some of the patients. Patients 1 and 5 had abundant interstitial eosino- Patients initially were treated with MMF in doses that ranged from 500 to 1000 mg twice daily. Doses were titrated to 1000 mg orally twice daily as tolerated by monitoring leukocyte counts and gastrointestinal side effects. Changes in renal function were monitored by serial measurements of serum creatinine.
At the start of treatment with MMF, the mean serum creatinine was 2.3 mg/dl. Six of the 8 patients had improvement in renal function after treatment with MMF, as evidenced by a decline in serum creatinine of at least 0.3 mg/dl. In the remaining two patients, the serum creatinine essentially was unchanged (patients 4 and 6). The mean serum creatinine at the conclusion of the study was 1.6 mg/dl (Figure 2) . At most recent follow-up (mean 28 mo; range 14 to 40 mo), three patients are still maintained on reduced doses of MMF (250 to 500 mg twice daily) and all have discontinued corticosteroids. Five patients have discontinued MMF and have been off of immunosuppressive therapy for a mean of 6.4 mo. Patient 1 discontinued MMF after 24 mo and has had a stable creatinine of 1.7 mg/dl in the subsequent 8 mo. Patient 3 initially experienced a relapse after discontinuation of MMF but was able to discontinue on a second attempt several months later without a rise in her nadir creatinine of 1.7 mg/dl. One patient sustained a myocardial infarct during therapy, had a prolonged hospital course, was taken off MMF, and ultimately died of cardiac disease. MMF was discontinued at the time of the myocardial infarct, and his course was believed to be unrelated to treatment with MMF. There were no major complications of MMF therapy.
Discussion
AIN is a common cause of ARF leading to renal biopsy. As many as 15% of patients who have ARF and undergo biopsy will have this lesion (16) . Most cases of AIN have been attributed to medications, and the reaction has been attributed variously to cell-mediated immunity or hypersensitivity reactions (17) . Even in patients who present with the classic features of allergic/drug-induced AIN, such as fever, rash, and eosinophilia associated with nonoliguric renal failure, it often is difficult to incriminate a single offending medication. Moreover, some medications, such as nonsteroidal anti-inflammatory drugs, may produce an atypical picture without classic hypersensitivity features (18, 19) . The usual therapy of discontinuing all potential offending medications often is successful in reversing the renal dysfunction. Rechallenge with a potential medication, which would document the offending agent, has been done only rarely and even then usually inadvertently.
Corticosteroids have been the common therapy for progressive and resistant drug-induced AIN (1-4). They also have been used successfully in interstitial nephritis that is associated with sarcoidosis, lupus, and Sjö gren syndrome (20 -22) . Although there are no controlled, randomized trials, retrospective analyses suggest improvement in both renal function and histologic findings after treatment of AIN with corticosteroids (6). Selection bias actually might favor those who are untreated, because patients who have more progressive courses that do not respond to discontinuation of potential offending drugs would be most likely to receive treatment. Regardless, some patients are resistant to therapy, some respond but relapse with tapering the corticosteroid dosage, and others do not tolerate the treatment, especially if prolonged therapy is necessary (5) .
Other therapies rarely have been attempted for these patients. Individual patients have been treated with other immunosuppressive agents (6) . One case that was presented as an abstract revealed improvement with MMF (1). In the cohort described herein, all patients had received corticosteroids and had experienced relapses, intolerance, and resistance to therapy. MMF was used because of its known immunosuppressive effect and patient tolerance in other renal populations. In transplantation, MMF has been used successfully in several large trials that have documented both efficacy and a good safety profile (7, 8) . In systemic lupus, both induction and maintenance studies have shown benefit over potentially more toxic therapeutic options (13) (14) (15) . MMF also has been used successfully in small uncontrolled trials in membranous nephropathy and focal segmental glomerulosclerosis (23) (24) (25) (26) (27) . In IgA nephropathy, treatment trials have given mixed results, but the medication has been well tolerated (28 -31) . Given this background and the lack of other proven therapeutic options, we treated eight patients with MMF for interstitial nephritis. In each case, serum creatinine stabilized or improved on therapy. Five patients have been able to discontinue treatment with MMF successfully. The remaining three patients are maintained on MMF, unable to discontinue without relapse. This may mean that we are trading steroid dependence and adverse effects for MMF dependence and adverse effects. Further follow-up of such patients will clarify this issue.
It should be emphasized that MMF was not tried as initial therapy in any patient and was not compared with steroid therapy or placebo alone. In such a study, it might prove superior or inferior to corticosteroids. It is unlikely that such a study will be performed, because many patients with allergic/ drug-induced AIN respond solely to discontinuation of the potential offending agents. When tolerated, corticosteroids are effective in many patients. As a result, the number of remaining patients is low enough that many centers will have to aggregate their cases if a randomized trial is to be performed. It should be noted that the mean serum creatinine of 2.3 mg/dl in our cohort is less than the mean peak serum creatinine in some previous studies on AIN (3) . Nevertheless, for steroid-resistant or intolerant patients, MMF seems to be a useful therapeutic option. Moreover, in patients with obesity, diabetes, or other factors that make corticosteroids an unpalatable first therapeutic option, MMF may be considered as first-line therapy. At present, no serious adverse effects have been attributed to the MMF treatment in our patients, and remissions have been maintained on tapering doses, which should lead to few adverse reactions. Further study is needed to define better the role of MMF in the treatment of AIN.
